Introduction
The study of platinum complexes has had a crucial role in our understanding of C-H bond activation chemistry, 1 with many studies on the mechanism of reactions. 2 The popularity of the study of platinum complexes is partly due to the amenability of study, but largely derives from the relevance of complexes to actual processes, and the ability to activate methane. 3 We have been studying oxidation reactions 4 and reductive couplings 5 at cyclometallated platinum where we have looked at the reaction of square planar platinum(II) complexes with PhICl2.
Oxidation with PhICl2 gives an the initial delivery of a Cl + to the metal, generating a very electrophilic metal centre. 6 The metal would normally then react with a Cl -to complete the oxidation and, for many complexes, the result is simply the addition of two chloride ligands to the metal centre giving an octahedral Pt(IV) centre; 4a,4c,5a,5b which may or may not isomerise. 4a,7 However, the electrophilic metal centre can also be intercepted before it combines with chloride and significantly different reactions result when the organic groups on the ligand systems can interact with the metal centre. On occasion we have observed agostic intermediates at low temperatures (e.g. -60°C) prior to transcyclometallation 8 reactions that lead to cyclometallated alkyl phosphines. 9 With other ligands fast intra-molecular C-H activation of aromatic groups (which proceed via an electrophilic attack of the metal on an aryl ring), also at low temperature, have been observed. 4c,10 Crucial to the stability any intermediate formed is the size of the ring that is created: triphenyl phosphine can only give an unfavoured four-membered ring and no C-H activation is observed. 9b On the other hand, a benzyl group on a phosphine ligand can lead to the formation of a favourable five-membered ring and we have recently reported on our study of such complexes: in addition to the expected electrophilic attack on the benzyl groups, we also saw a reductive coupling reaction from the newly formed metallacycle, a reaction that was ultimately identified as being reversible.
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In this paper, we report on our investigations into the effect of putting an tolyl group into the role of intercepting ligand and three competing reactions are observed.
Results
The synthesis of the new C^N^C platinum(II) tri(ortho-tolyl) phosphine complex 1 proceeds smoothly at room temperature giving product in high yield and purity, Scheme A crystal structure, Figure 1 , highlights the crowded nature of the platinum centre. One of the aromatic protons on the diphenyl pyridine (on the right-hand side in Fig 1) .
Addition of PhICl2 to a chloroform solution of 1 at -40°C gave immediate and complete consumption of the starting material with the production of three new Pt(IV) complexes. The proportions of the three complexes did not seem to be affected reproducibly by reaction conditions; temperature and solvent of reaction had only little affect on product distribution.
Around 15% of the product mixture was a complex that could be separated from the other two and fully characterised: it turned out to be the simple dichloro-oxidised complex 2, Scheme 2.
Pure samples of 2 were analysed; a peak at -13. H NMR spectrum indicated the C^N^C ligand remained dicyclometallated with both sides equivalent and showed that the phosphine is now able to rotate freely, suggesting that the phosphine is now cis to the pyridine nitrogen. A crystal suitable for X-ray crystallography was grown and confirmed the cis geometry, Figure 2 . The remaining material consisted of two new complexes, both of which had Pt-CH2 bonds, easily identified by the presence of 195 Pt satellites on alkyl 1 H signals. All three products were stable in solution at -60°C, with no inter-conversion or further reaction. Thus, acquisition of solution spectroscopic data was possible at low temperature and confident assignments of structure could be made. However, allowing the reaction mixture to warm to room temperature resulted in the two products with Pt-CH2 bonds precipitating from solution. It was this behaviour that allowed the simple oxidised product 2 to be isolated in a pure form. The less abundant complex with the Pt-CH2 bond made up a further 15 % of the product mass, and was characterised as the triply cyclometallated complex 3. A peak in the
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Pt NMR spectrum at -3028 ppm ( 1 JPt-P ~ 2800 Hz) and a peak in the 31 P NMR spectrum at 20.26 ppm ( 1 JPt-P = 2818 Hz) indicated a Pt(IV) species. The large downfield shift of the 31 P resonance (when compared with 2) suggests that the phosphorus is part of a metallacycle. Considerable distortions away from a perfect octahedral geometry are present in the structure of 4: while the P1-Pt1-Cl2 and C1-Pt1-Cl1 angles are less than 0.5° from an ideal 90°, the C1-Pt1-N7 angle is 80.19(9)°, the pyridine ring is canted more than 26° from the Pt-N vector and the cyclometallated aryl ring is inclined some 23.6° from the pyridine it is attached to.
We attempted to redissolve the crystals of 4 in all standard solvents, but it was only in acetone that appreciable quantities did dissolve. Even then, the redissolution was slow and appeared to be accompanied by loss of a chloride and an isomerisation. Solutions were too weak to fully characterise, but key data indicated that the phosphorous and nitrogen adopt a cis arrangement, allowing the bulk of the uncyclometallated o-tolyl rings to move out to a position over the plane of the original cyclometallated ligand, 5, Scheme 3, with an agostic methyl completing the coordination sphere. 
Discussion.
In several examples published by us earlier, oxidation of a C^N^C platinum phosphine complex with PhICl2 initially gave a trans dichloride, which subsequently isomerised to the less sterically crowded and more stable cis isomer. Thus we have seen this behaviour for the DMSO, PMe3, PPr3, PBu3, and PPh3 analogues of 1 and have, in some cases, been able to crystallographically characterise both isomers. 9 Analogous behaviour was also seen with the addition of methyl iodide: the initial complex with the phosphine trans to pyridine isomerises to one in which the phosphine is cis to the pyridine; 5d others have seen similar behaviour.
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That the oxidation of 1 did not give an initial trans complex, and went straight to the less crowded cis must be a function of the sheer bulk of the tri(o-tolyl)phosphine. We have already seen how positioning the phosphine trans to the nitrogen in the square planar Pt(II) 1 results in considerable steric constraints, and presumably the addition of two additional chlorides is simply impossible with the phosphine trans to the pyridine, hence the direct formation of the cis isomer 2. Even now, the cis arrangement in 2 is not completely unstrained: a N7-Pt1-Cl1 angle of 169.29(16)° is some way away from an ideal 180°.
That 2 is not the only product of the reaction is a function of the two step process by which oxidation with PhICl2 takes place. As an electrophilic reagent, the first step of reaction will be the delivery of a Cl + to one face of 1, generating an unseen five-coordinate cationic Once the methyl group of interacts with the platinum centre, two possibilities present themselves. Firstly the methyl group could be directly deprotonated with concomitant formation of a C-Pt bond to give tricyclometallated 3 or, secondly, a methyl proton could be transferred in a transcyclometallation 8 reaction to one of the original cyclometallated aryl groups, together with combination with the final chloride to give 4, Scheme 5.
Previously we have worked with alkyl phosphines, where only the second, transcyclometallation, pathway was observed (with the relief of strain associated with the fused cyclometallated rings of the C^N^C ligand being partially responsible for driving the reaction). 9 This behaviour might be expected, given that the high pKa of an alkyl group suggests direct deprotonation is not a viable reaction pathway. The pKa of the tolyl-Me protons is around 40, about 20 units lower than an alkyl chain, due to resonance effects from the aryl ring, and this reduction in pKa must be sufficient to now render the deprotonation a viable reaction pathway, hence the formation of some 3. However, the reduction in pKa is
clearly not enough to make this the exclusive or indeed, dominant, pathway as the majority of the reaction did indeed follow the transcyclometallation route.
We should at this point compare our proposed intermediate with the agostic complex 5 that forms upon redissolution of 4, Scheme 3. That the agostic methyl in 5 is stable enough in solution at room temperature to be identifiable, as it does not undergo a second transcylometallation reaction, is not unexpected: their would be no relief of strain helping to drive the transcyclometallation reaction. So the non-deprotonation of the agostic methyl in 5 reinforces our point above about the pKa of the methyl: it is still too high for pathways involving deprotonation to represent readily accessible reaction routes, but is low enough to be viable under certain circumstances. Thus we can conclude the course of our oxidation reaction must be finely balanced and, presumably, it ought to be able to influence the outcome under appropriate conditions. We had limited scope for changing reaction conditions, with neither reaction temperature (-60°C to +20°C) or reagent concentration having any effect on product distribution.
Conclusions
The products of the oxidation of the tri(o-tolyl)phosphine complex of the C^N^C doubly cycloplatinated diphenylpyridine ligand with iodobenzene dichloride are consistent with electrophilic attack by the oxidant, giving an unseen five-coordinate intermediate. Three pathways of reactivity are seen from this intermediate: simple combination with a chloride, electrophilic attack on a methyl group, and transcyclometallation. We were unable to control the relative proportions of the products, but the evidence would suggest that each pathway is independent of the others, and essentially irreversible.
Experimental General
All chemicals were used as supplied, unless noted otherwise. All NMR spectra were obtained on a Bruker Avance 400, 500 or 600 MHz spectrometers and were recorded at room Crystals suitable for Xray analysis were grown by the slow evaporation of solvent from a chloroform solution, Table 1 .
Synthesis of complexes 2, 3 and 4
To a chloroform (10 ml) solution of 1 (20 mg, 2.6 x10 -5
) was added PhICl2 (10 mg, excess)
at -40 °C giving full conversion to complexes 2, 3 and 4 (15, 15, 70% respectively by NMR integration) . Allowing the reaction mixture to warm to room temperature led to the precipitation of 3 and 4. Complex 2 was recovered by filtering the mixture and removing the solvent; additional purification was by column chromatography, loading on a silica column with chloroform and eluting with ethyl acetate (3 mg, 3.7 x10 -6 mol, 14%) Crystals suitable for X-ray grew from the reaction mixture, Table 1 .
Synthesis of Complex 5
Crystals of 4 were stirred in d6-acetone until (approx. 3 weeks) sufficient was dissolved to record solution data. 
